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TITLE OF INVENTION 

[0001] Method And System For Controlling Liquid Fuel And Vapor Flow 
During Refueling Of A Motor Vehicle Fuel Tank. 

BACKGROUND OF THE DISCLOSURE 

[0002] The present invention relates to systems for controlling emission of 
fuel vapor from a vehicle fuel tank containing volatile fuel such as gasoline or 
alcohol or a mixture of both; and, particularly relates to such systems as they 
are required to function during refueling of the tank. 
[0003] Currently, in passenger car and light truck vehicles, a vapor vent 
valve, typically float operated, has its outlet connected to a storage device, such 
as a charcoal filled canister, which stores fuel vapor during periods of engine 
shutoff. Upon engine startup, the vapors are purged from the canister to the 
engine air inlet. 

[0004] Referring to FIG. 3, a known fuel vapor emission system is shown 
wherein the fuel tank is filled with liquid fuel to the level indicated generally at 10 
and has a vapor vent valve 1 1 mounted in the upper surface of the tank with a 
flange 12 registering against and sealed on the outer surface of the upper tank 
wall. A filler tube 13 is provided with its lower end connected in the tank; and, 
tube 13 has a nozzle-receiving enlarged inlet portion at the upper end thereof as 
denoted by 14 which is of the capless type. The nozzle receiving end portion 14 
has therein a nozzle seal 15 into which is received, during refueling, a fuel 
nozzle 16 and which is sealed thereabout by seal 15. The enlarged upper end 
14 of the filler tube also has disposed therein and located downstream of the 
seal 15 a normally closed flapper valve 17 which is opened upon the insertion of 
the nozzle 16. When the nozzle 16 is withdrawn, valve 17 closes and seals the 
opening of tube end 14. 

[0005] It will be understood that if alternatively a separate removable filler 
cap (not shown) is employed on the open end of upper portion 14 of filler tube 
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13 in the system of FIG. 3, the sealing flapper valve 17 may be eliminated. 
[0006] A pressure release valve 18 is provided to release in the event of 
excessive vapor pressure build up and to permit bypass flow around seal 15. A 
vapor recirculation tube 19 has one end communicating with the filler tube upper 
end 14; and, the opposite end of tube 19 is connected to communicate into the 
tank through preferably the upper wall and the inlet thereto is positioned at a 
desired level in the tank for permitting vapor recirculation until the end of the 
tube is closed by the rising level of the liquid fuel 10. 

[0007] In the known system of FIG. 3, the vapor vent valve 1 1 has its outlet 
connected to communicate, through a hose 20, preferably to the inlet of a vapor 
storage canister 21 , which has an outlet tube 22 adapted for connection to the 
air inlet of the vehicle engine. The canister 21 has an air inlet 23 which admits 
purge air when stored vapor is drawn from the canister during engine operation. 
[0008] In the known systems such as that shown in FIG. 3, the filler nozzle 
has, typically, a sensing device set to automatically shut off flow in the nozzle 
when a negative pressure is sensed about the nozzle. Normally, during 
refueling, the fuel vapor as recirculated through tube 19 the tank makes up or 
compensates for any aspirating effect of the fuel flowing from the nozzle and 
prevents premature nozzle shut off. When the liquid fuel level rises to a height 
to cover the end of tube 19 vapor recirculation is stopped; and, the continued 
flow of fuel from the nozzle by its flow effect tends to create a slightly negative 
gauge pressure in the region around the nozzle. Upon stopping of vapor 
recirculation, the sensing device (not shown) in the nozzle responds to the 
negative pressure and automatically shuts off flow from the nozzle 16. Upon 
further rising of the fuel level, the vent valve 12 is closed by the float therein and 
stops any vapor communication between the tank and the canister 21 . 
[0009] However, where the seal 15 leaks air, which has been a recurring 
problem in service, the leakage air flow therethrough can make up or 
compensate for the aspirating or flow effect of fuel dispensing from nozzle 16; 
and, when tube 19 is closed and vapor recirculation stopped by the rising fuel, a 
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negative pressure is not formed in tube 14 around the nozzle. Consequently 
the nozzle does not automatically shut off; and, filler tube 1 3 and upper end 14 
fill with liquid fuel and overflow or "spit-back" occurs permitting fuel spillage and 
consequent undesired vapor emission to the atmosphere. 
[001 0] Thus, it has been desired to find a way or means of controlling the 
fuel vapor emission during refueling of motor vehicle fuel tanks in such a way as 
to ensure proper nozzle shutoff and to prevent overfilling and fuel spillage. 

BRIEF SUMMARY OF THE INVENTION 

[001 1] The present invention provides a fuel vapor emission control system 
for a motor vehicle fuel tank which is effective to provide recirculation of fuel 
vapor during refueling and in one embodiment includes a one way check valve 
in the vapor recirculation line which is connected at one end to the fuel vapor 
valve outlet and at the opposite end to provide flow of vapor to the upper end of 
the filler tube downstream of the nozzle seal. In another embodiment, the 
recirculation line has the end positioned at a desired cut-off level of fuel in the 
tank and the opposite end connected to the filler tube downstream of the nozzle 
seal. The system of the present invention maintains the recirculation line 
operable to recirculate vapors at all levels of liquid fuel in the tank and provides 
a "dynamic seal" about the dispensed liquid fuel flow and the inside of the filler 
tube and if the refueling nozzle seal leaks and ensures a negative pressure in 
the filler tube and continued recirculation of vapor and ensures activation of the 
automatic shutoff in the filler nozzle to prevent over filling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a pictorial representation of one embodiment of the fuel 
vapor control system of the present invention; 

[0013] FIG. 2 is an enlarged cross-section of the check valve of the system 
of FIG. 1; 

[0014] FIG. 3 is a view similar to FIG. 1 , of a Prior Art system; and, 
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[0015] FIG. 4 is a view similar to FIG. 1 of another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0016] Referring to FIG. 1 , one embodiment of the system of the present 
invention is indicated generally at 30 and has the vehicle fuel tank 32 provided 
with a fuel vapor vent valve 34, which may be float operated and which has the 
outlet thereof communicating exteriorly of the tank. Valve 34 may be of the type 
having a flange 36 registering against the outer surface of the upper wall of the 
tank, with the float mechanism and inlet of the valve extending into the interior 
of the tank through an access opening 37 in the wall of the tank. In such an 
arrangement, the flange of the valve is sealed over the access opening, 
preferably by weldment for plastic tanks or by mechanical seal in the case of a 
metal tank. The level of the liquid fuel in the tank is indicated generally at 38. 
[0017] The tank has a filler tube 40 with the lower end thereof connected 
through the wall of the tank to provide fuel flow to the tank interior upon 
refueling. The upper end of filler tube 40 extends above the tank and has an 
enlarged portion 42. In the illustrated embodiment 30, portion 42 is of the type 
requiring a filler cap (not shown) and for which end 42 has interval threads 43 
and an outwardly extending flange 44 adapted for engaging the unshown filler 
cap. 

[0018] A nozzle receiving seal 45 is provided in the upper end 42; and, a 
pressure relief valve 46 may also be provided in the end 42 to bypass seal 45 
and prevent excessive pressure buildup of fuel vapor in the system. 
[0019] Filler tube enlarged portion 42 communicates with a smaller diameter 
portion or neck of tube 40 which is configured to closely fit about a dispensing 
nozzle 48 upon insertion therein. In the present practice of the invention, the 
inside diameter of the neck 50 is sized to be in the range of about 1 .2 times the 
outside diameter of the filler nozzle 48 to ensure a dynamic seal between the 
inside of the filler tube and the stream of liquid fuel flowing from the nozzle 
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during refueling; and, thus by the effect of the flow creates a resultant pressure 
reduction or negative pressure upstream of the liquid seal. It will be understood 
that the nozzle 48 is of the type having incorporated therein an automatic 
shutoff device (not shown) responsive to negative pressure around the tip 
region of the nozzle to cut off flow in the nozzle. 

[0020] Alternatively, if desired enlarged end 42 may be arrange as a capless 
filler by employing a flapper door below or downstream of seal 45 which closes 
and seals upon nozzle removal. 

[0021] The vapor vent valve 34 on the tank has its outlet communicating 
exteriorly of the tank and connected to one end of a conduit 52 which has its 
opposite end connected to the inlet of a storage device which may be a 
charcoal filled canister 54 having its outlet 56 adapted for connection to the air 
inlet of an engine. Canister 54 is provided with an atmospheric air inlet 58 for 
purging the canister during engine operation. 

[0022] In the embodiment of FIG. 1 , recirculation line 60 has one end 
connected into vapor conduit 52; and, line 60 has an opposite end thereof 
connected to the inlet of a one-way valve, indicated generally at 62, which has 
its outlet connected to the upper end 42 of the filler tube at a location 
downstream of the nozzle seal 45. 

[0023] Referring to FIG. 2, one version of valve 62 which has been found 
satisfactory is shown in enlarged cross-section and has an inlet fitting 64 
adapted for connection to the recirculation line 60, with an inlet passage 66 
therethrough which has an annular valve seat 68 formed there around on the 
interior of the valve body 70. A sliding plunger 72 has one end thereof in 
contact with the surface of a movable resilient valve member 74 which seats on 
the annular valve seat 68. Plunger 72 is biased in a rightward direction in FIG. 2 
into contact with the valve member 74 and urges the valve member into contact 
with the valve seat 68. The bias force on the plunger 72 is provided by a spring 
76 which has one end registered against an annular shoulder 78 formed on the 
plunger. The opposite end of the spring is registered against an annular surface 
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80 formed in a fitting 82 attached to the valve body 70 forming a closure thereon 
and defining an outlet passage 84; and, fitting 82 is adapted for connection to a 
hose (not shown) for connection to the upper end 42 of the filler tube. 
[0024] It will be understood that a relatively light load on the valve member is 
provided by spring 76 which has a relatively low spring rate; and, in the event 
the pressure in upper end 42 is less than the pressure in line 60, caused by flow 
of fuel through nozzle 48 into tube 40 check valve 62 is caused to open and to 
permit vapor from vent valve 34 to recirculate into the upper end 42 of the filler 
tube. 

[0025] It will be understood that the particular version of the valve 62 shown 
and illustrated in FIG. 2 is not inclusive; and, other forms of valve 62 may be 
employed such as, for example, a diaphragm or duck-bill valve. 
[0026] In operation during refueling, sufficient vapor is recirculated through 
conduit 60 and one-way valve 62 to prevent premature nozzle shutoff. However 
when vapor vent valve 34 is closed by the float therein responding to the fuel 
level reaching the desired level, vapor flow is stopped in conduit 52 and conduit 
60. The fuel vapor pressure in the tank then increases causing liquid fuel to 
back up in the filler tube and cover the discharge end of the nozzle, which in 
turn activates the shutoff mechanism (not shown) in the nozzle. 
[0027] The present invention thus provides low cost and simple way of 
maintaining recirculation of fuel vapor from a tank to the filler tube during 
refueling, and by virtue of a dynamic seal about the liquid fuel stream 
discharging from the dispensing nozzle ensures a negative pressure in the filler 
tube when vapor recirculating is shut off by rising fuel level in the tank; and, the 
dynamic seal is sufficiently effective that the liquid flow effect overcomes any air 
leaks through the nozzle seal and ensures proper nozzle automatic shut off and 
thus avoids overfill and spillage. 

[0028] Referring to FIG. 4, an alternate embodiment of the invention is 
indicated generally at 70 and includes a tank 72 with liquid fuel therein at a level 
indicated generally at 74 with a filler tube 76 having one end communicating 
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through the wall of the tank; and, tube 76 has its opposite end extending 
upwardly to an enlarged open upper end 78. The enlarged upper end 78 has 
internal threads 80 and an outwardly extending annular flange 82 which are 
adapted for engagement with a closure or filler cap (not shown) in a manner 
well known in the design of motor vehicle fuel systems. 
[0029] The enlarged tube upper end 78 includes a seal 84 disposed 
internally thereof which is operable to seal about a refueling nozzle 86 when 
inserted therein for refueling as shown in FIG. 4. If desired a separate pressure 
relief valve 88 may be provided for bypassing seal 84 and preventing excessive 
pressure buildup in the system. It will be understood that nozzle 86 is of the 
type having an automatic shutoff device therein (not shown) responsive to 
negative pressure around the nozzle to shut off flow therefrom. 
[0030] A vapor recirculation line 90 has one end thereof communicating 
through the wall of the tank to terminate at a desired upper level 74 of the fuel at 
which the dispensing nozzle 86 is to be shut off. The upper or opposite end of 
the conduit 90 is connected through the wall of the enlarged diameter upper end 
78 of the filler tube at a station downstream or just below the nozzle seal 84. 
The recirculation conduit is thus operative to provide vapor recirculation to the 
filler tube upper end 78 until the fuel level 74 rises to cover the lower end of the 
conduit 90 and stop vapor flow in line 90. 

[0031] A vent valve 92 preferably float operated is disposed through an 
access opening in the upper wall of the tank and is secured thereover by any 
suitable expedient such as, for example, welding of a flange 94 to the upper wall 
of the tank. The outlet of the valve 92 extends exteriorly of the tank and is 
connected for communication with a remotely located canister 98 preferably 
through a hose 96. Canister 100 may be of the type which has an outlet tube 
100 adapted for connection to an air inlet and may have an atmospheric air 
purge inlet tube 102. 

[0032] The system 70 includes a reduced diameter or neck portion 104 
formed on the filler tube 76 adjacent the large portion 78 and which neck portion 
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104 is sized to closely interfit the refueling nozzle 86. In the presently preferred 
practice of the invention, the inside diameter of the neck 104 is about 1.2 times 
the outside diameter of the nozzle 86. In the present practice of the invention, 
for a nozzle having an outside diameter (OD) of 21 millimeters, the neck 104 
has an inside diameter (ID) of about 25.4 millimeters. Thus, the inside diameter 
of the neck 104 closely interfits the outside diameter of the nozzle 86 to effect a 
dynamic seal between the inside diameter of the neck 104 and the stream of 
fuel discharging from the end of the refueling nozzle 86. Thus, the flow effect 
and the dynamic seal cause a reduction in pressure in the inside of the enlarged 
diameter portion 78 unless sufficient makeup vapor is supplied through 
recirculation conduit 90. Furthermore, in the event of air leakage past seal 84, 
the flow effect is sufficient to overcome the air leakage and create a negative 
pressure within the upper end 78 when the fuel level closes the circulation 
conduit 90. 

[0033] The present invention thus provides recirculation of fuel vapor during 
refueling through the filler tube for minimizing the vapor flow to the storage 
canister; and, when the liquid fuel has reached the desired level in the tank the 
invention ensures that a sufficiently negative pressure in the filler tube is present 
to activate the automatic shutoff in the nozzle. 

[0034] Although the invention has hereinabove been described with respect 
to the illustrated embodiments, it will be understood that the invention is capable 
of modification and variation and is limited only by the following claims. 



